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CONTROL CIRCUT FOR ELECTRICALLY 
DRIVEN VEHICLES . 

This invention relates 
cally driven vehicles. 

SUMMARY OF THE INVENTION 

A circuit in accordance with the invention comprises 
in combination a traction motor for driving the vehicle, 
an accelerator pedal which when depressed sets the 
armature current of the motor, a brake pedal which 
when depressed provides electrical braking of the vehi 
cle, and means for preventing the brake pedal from 
providing electrical braking until the vehicle speed is 
above a predetermined value. 

Preferably, means is provided for maintaining electri 
cal braking, once it has commenced, when the vehicle 
speed falls below the predetermined value. This latter 
means can for example maintain electrical braking 
until the armature current drops to a set level. 

to control circuits for electri 

: motor reaches the upper level, the thyristor 19 is 

5 

turned off, and when the current flow falls to the lower 
level, the thyristor 19 is turned on again. The operation 
of the circuit to control the thyristor 19 is best ex 
plained by commencing at a point in the cycle of opera 
tions when the thyristors 19 and 24 are off, and the 
thyristor 22 is conducting and charging the capacitor 
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In one arrangement, depression of the accelerator 
pedal inhibits the provision of electrical braking. 

DESCRIPTION OF THE FIGURES 

Two examples of the invention are illustrated in the 
accompanying drawings, in which 
FIGS. 1 and 3 are circuit diagrams of a control circuit 

for an electrically driven vehicle, showing the alterna 
tive connectors of the circuit, 
FIG. 4 illustrates one arrangement of contactors for 

producing the connections shown in FIGS. 1 to 3, and 
FIGS. 5 and 6 are circuit diagrams of the alternative 

control arrangements used in conjunction with FIGS. 1 
to 4. 

DISCUSSION OF THE PREFERREDEMBODIMENT 
Referring first to FIG. 1, there are provided positive 

and negative supply lines 11, 12 connected through 
contacts 10 to the traction battery 13 of the vehicle. 
Typically, the battery 13 has a voltage in excess of 200 
volts. Connected to the line 11 is one end 14 of the 
armature of a series wound traction motor 15, the other 
end 16 of the armature being connected to the line 12 
through a series circuit including a current sensing 
device 18, the field winding 17 of the motor 15 and the 
anode-cathode path of a thyristor 19. The series combi 
nation of armature, device 18 and winding 17 is 
bridged by a freewheel diode 21, and the junction of 
the winding 17 and thyristor 19 is connected to the 
anode of a thyristor 22, the cathode of which is con 
nected to the line 12 through a capacitor 23. The ca 
pacitor 23 is bridged by an inductor 25 and the anode 
cathode path of a thyristor 24 in series. The thyristors 
19 and 24 have their gates connected through resistors 
28, and 29 respectively to one output terminal of a 
control unit 26, the unit 26 having a second output 
terminal which is connected through a resistor 27 to 
the gate of the tyristor 22. 
FIG. 1 shows the circuit connections when the vehi 

cle is being driven in a forward direction. The accelera 
torpedal of the vehicle operates a potentiometer which 
produces an output representing the demand current 
level in the motor. This output signal is converted to 
two signals representing an upper current level and a 
lower current level respectively, and these two signals 
are sensed by the control unit 26, which also receives a 
signal from the device 18. When the current flow in the 

25 

30 

35 

40 

45 

50 

55 

60 

65 

23. When the capacitor 23 is charged, current flow 
through the thyristor 22 reduces to zero and so the 
thyristor 22 turns off. Since the thyristor 19 is not con 
ducting, the current flow in the device 18 will be de 
creasing, and when the current reaches the lower level, 
the unit 26 produces an output to turn on the thyristor 
19 and the thyristor 24. Conduction of the thyristor 24 
causes the charge on the capacitor 23 to be reversed, 
after which the thyristor 24 turns off. The capacitor 23 
is now charged with its lower plate positive and its 
upper plate negative. Conduction of the thyristor 19 
causes current to flow in the armature 15 and the wind 
ing 17, and the current flowing in the device 18 now 
increases until it reaches the upper level. When this 
upper level is reached, the control unit 26 produces an 
output to turn on the thyristor 22, permitting discharge 
of the capacitor 23 with the result that the thyristor 19 
is turned off. The capacitor 23 now charges again 
through the thyristor 22 and the cycle is repeated. 

In the arrangement being described, it is also possible 
to use the motor to brake the vehicle electrically, and 
to use the motor to drive the vehicle in reverse. FIG. 1 
does not show the various contactor arrangements 
which are used for this purpose, but FIGS. 2 and 3 show 
the circuit connections when these contactors are in 
the appropriate position. Thus, FIG. 2 shows the ar 
rangement when the vehicle is to be driven in reverse. 
The circuit connections are the same as in FIG. 1, 
except that the end 16 of the motor 15 is now con 
nected to the line 11 through the device 18 and the 
other end 14 is connected to the winding 17. The oper 
ation is exactly the same as in FIG. 1, except that the 
motor is driven in the reverse direction. 
FIG. 3 shows the circuit connections when the motor 

is being used to brake the vehicle electrically. The end 
14 of the motor is connected to the winding 17 as in 
FIG. 2, but the end 16 is now connected to the line 12 
through the device 18 and an additional diode 30 in 
series. When the motor is being used to brake the vehi 
cle, the potentiometer operated by the accelerator 
pedal is inoperative, but another potentiometer is oper 
ated by the brake pedal, and provides a signal to the 
unit 26 in exactly the same way as the potentiometer 
operated by the accelerator pedal. Thus, the current in 
the motor armature will be controlled in the same way 
as described with reference to FIG. I. In this case, 
however, the motor 15 acts as a generator and charges 
the battery by way of the diodes 21 and 30. 
There are various contactor arrangements that can 

be used to produce the arrangements shown in FIGS. 1 
to 3, but one possible arrangement is shown in FIG. 4. 
The basic controls of the vehicle are the accelerator 
pedal, which when depressed operates a potentiometer 
as previously explained, the brake pedal which oper 
ates another potentiometer and also provides normal 
hydraulic braking for the vehicle, and a selector switch 
which has a central off position but is movable in oppo 
site directions from the off position to select forward or 
reverse movement of the vehicle. In FIG. 4 three con 
tactor operating devices F, R, B are shown. If the selec 
tor switch is in the forward position and the accelerator 
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pedal is depressed, the device F will be energised and 
will operate a contact F1 which normally occupies the 

4 
the relay winding 38 and close the contact 38a, so that 

position shown in the drawing but when the device F is 
energised moves to its alternative position in which it 
connects the circuit in the manner indicated in FIG. 1. 
If, on the other hand, the selector switch is moved to its 
reverse position and the accelerator pedal is depressed, 
then the device R is energised and a contact R1 is 
moved from the position shown to its alternative posi 
tion, at which point the circuit is in the form indicated 
in FIG. 2. 

If the selector switch is in its forward position, but the 
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the device F is energised. The contact F2 opens to 
prevent energisation of the relay winding 42. If the 
switch 34 is moved to the reverse position, then the 
relay winding 36 is energised and the device R is energ 
ised so that the vehicle is driven in the reverse direc 
tion. 

If the switch 34 is in the forward position, and the 
driver removes his foot from the accelerator pedal and 
places his foot on the brake pedal, then the switch 37 
will open to de-energise the winding 38 and so de-ener 

brake pedal is depressed, then normal hydraulic brak 
ing is provided, but in addition the device B is energised 
to open the contact B1. The contacts F1 and R1 will be 
in the positions shown, and so it will be seen that the 
circuit now has the form shown in FIG. 3, so that elec 
trical braking is provided as explained above. 
. Although the arrangements shown in FIGS. 1 to 4 
relate to a series motor, they can also be applied to 
shunt and compound motors. In this case, the arrange 
ments described will control the armature current. 
Referring now to FIG. 5, in addition to the traction 

battery, the vehicle incorporates a 24 volt battery 31 
providing power to positive and negative supply lines 
32, 33. The selector switch previously referred to is 
shown at 34, and is movable from its central off posi 
tion to a forward position in which it energises a relay 
winding 35, or a reverse position in which it energises a 
relay, winding 36. The windings 35 and 36 serve when 
energise to close normally open contacts 35a and 36a 
respectively, and various control and safety arrange 
ments may be provided between the windings 35, 36 
and the contacts 35'a, 36a. However, for the purposes 
of the present example it can be assumed that energisa 
tion of one of the windings 35, 36 ultimately closes the 
appropriate contact 35a or 36a. 
The contact 35a is connected between the lines 33, 

32 in a series circuit including a switch 37, a contact B2 
and a relay winding 38. The contact 35a is also con 
nected in a circuit between the lines 33, 32 including a 
switch 39, a switch 41, a contact F2 and a relay winding 
42. The relay winding 38 when energised closes a nor 
mally open contact 38a connected in series with the 
device F shown in FIG. 4 between the lines 32 and 33, 
and the relay winding 42 serves when it is energised to 
close two contacts 42a and 42b, the contact 42a being 
connected in series with the device B between the lines 
32, 33. The contact 42b is connected in series with a 
switch 43 between the junction of the winding 42 and 
contact F2 and the line:33. Moreover the contact 36a 
when closed completes a circuit between the lines 33, 
32 by way of the device R. . . 
The switches 37 and 39 are normally open switches 

controlled by the accelerator and brake pedals of the 
vehicle respectively, and close when the accelerator 
and brake pedals respectively are depressed. The 
contacts B2 and F2 are opened when devices B and F 
are energised respectively, the switch 41 is sensitive to 
the speed of the vehicle and is closed whenever the 
vehicle speed is in excess of a predetermined value, 
typically 4 m.p.h. The switch 43 is responsive to the 
current flowing in the motor armature, and is closed 
whenever the current is above a predetermined low 
level, typically 30 amps. 
Assuming that the switch 34 is moved to the forward 

position, then the contact 35a closes. If the accelerator 
pedal is now depressed, the switch 37 closes to energise 
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gise the device F, and the switch 39 will close. De-ener 
gisation of the device F causes the contact F2 to close, 
and so provided that the vehicle speed is in excess of 4 
m.p.h., so that the switch 41 is closed, the relay winding 
42 will be energised to close the contact 42a and ener 
gise the deive B. If the vehicle speed is not above 4 
m.p.h., then the switch 41 is open and electrical brak 
ing will not be provided. 
Once the device B has been energised to provide 

electrical braking, then assuming that the armature 
current is above 30 amps, the winding 42 is held on by 
current flowing through the switch 43 and contact 42b. 
As the speed of the vehicle reduces, then even if the 
speed falls below 4 m.p.h. so that the switch 41 opens, 
electrical braking will still be provided until the arma 
ture current drops below 30 amps, at which point the 
switch 43 opens to de-energise the winding 42. 

If the driver presses both the accelerator pedal and 
the brake pedal at a low vehicle speed, electrical brak 
ing will not be provided because the switch 41 will be 
open. - 3. 

Referring now to FIG. 6, the switches 37, 39 and 41 
now provide three inputs to an AND gate 53 which 
when it receives all three inputs energises a winding 52. 
The winding 52 controls a switch 51 which normally 
occupies the position shown in which it completes a 
circuit to the winding 38 when the switch 35a is closed. 
However, when the AND gate operates, the switch 51 
is moved to its alternative position in which it energises 
the winding 42 if the contact35a is closed. It should be 
noted that in this example the switch 37 is normally 
closed. . . 

In this example, if the switch 34 is in its forward 
position, then, the device B can only be energised if 
three conditions are fulfilled. The accelerator pedal 
must be released, so that the switch 37 is closed. The 
brake pedal must be depressed so that the switch 39 is 
closed, and the vehicle speed must be in excess of 4 
m.p.h., so that the switch 41 is closed. Only if these 
three conditions are fulfilled is the switch. 51 moved to 
its alternative position to energise the winding 42. Once 
the winding 42 has been energised, it remains energised 
by way of the switch 43 as in FIG. 5. 

It will be appreciated that using the arrangement 
shown in FIG. 6 once electrical braking has com 
menced it will continue until the armature current falls 
to 30 amps, as in FIG. 5. However, in FIG. 6 if the 
accelerator is depressed at any time when the device B 
is not energised, then it is not possible for the device B 
to be energised until the accelerator pedal is released, 
and of course the brake pedal is depressed and the 
vehicle speed is above 4 m.p.h. It will be appreciated 

65 
that in FIG. 5, the devices F and B are de-energised 
when neither pedal is depressed. In FIG. 6, the device 
F is energised if neither pedal is depressed, so that the 
system is maintained in a forward drive condition, so 
that when the accelerator pedal is depressed, the cir 
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cuit will act quickly. This arrangement is particularly 
advantageous at low speeds, say below 4 m.p.h., be 
cause the contactors do not have to keep opening and 
closing as the accelerator and brake pedal are de 
pressed and released. 
In both FIG. 5 and FIG. 6 the relay 38 may have a 

hold-on contact providing a hold by way of contact 43 
above 30 amps. 

I claim: 
1. A control circuit for an electrically driven vehicle 

comprising in combination: A traction motor, an accel 
erator pedal; means sensitive to the position of the 
accelerator pedal for controlling the forward drive 
current to the motor; a brake pedal; braking means 
operable on actuation of the brake pedal for connect 
ing the motor to provide controlled electrical braking 
of the vehicle; inhibiting means sensitive to the speed of 
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6 
the vehicle and inhibiting initiation of operation of said 
braking means when the brake pedal is actuated while 
the vehicle speed is below a predetermined value; and 
means for maintaining electrical braking, once com 
menced, after the vehicle speed falls below the prede 
termined level. 

2. A circuit as claimed in claim 1 in which the means 
for maintaining electrical braking operates until the 
armature current drops to a set level. 

3. A circuit as claimed in claim 1 in which depression 
of the accelerator pedal inhibits the provision of elec 
trical braking. 
4. A circuit as claimed in claim 1, including means 

whereby when neither pedal is depressed, the circuit 
behaves as if the accelerator pedal is depressed. 
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